Introduction
In this 4th OTEMAS, actual nonwovens processing machines and its panels are exhibited at 52 booths. This number is just twice as much as previous OTEMAS. This fact shows undoubtedly that nonwovens are becoming the object of public interest. There are many new overseas exhibitors such as N. Schlumberger & Cie Group (France), Spinnbau Bremen GmbH (W. Germany), Hergeth Hollingsworth (W. Germany), Morrison Berkshire (U.S.A.), Foster Needle (U.S.A.), Machtex Holland B.V. (The Netherlands), Perfojet (France), Ommi (Italy) etc., in addition to domestic machine makers and trading companies.
In OTEMAS official guide book, nonwovens processing machines are classified into 7 groups, namely, lap forming machines, random webbers, needling machines, bonding machines, stitching machines, other nonwovens processing machines. It is doubtful whether this classification is good or not, because nonwovens processing machines make progress and involve many kinds of machines. In this paper, however, I would like to report nonwovens processing machines according to this classification. Maschinenfabrik is the compact and high speed machine.
Hergeth Hollingsworth exhibits the nonwoven manufacturing lines (Fig. 4) . The maximum production speed of this company's card machine Akg-L-5-F1-dl-R2 is 180 m/min with maximum card width of 2.5 m. And there is also the compact design 850 card offered by Torigoe Spinning Machine Mfg. Co., Ltd, in cooperation with Hergeth Hollingsworth. New random card (exhibited with panel) built by Spinnbau Bremen is devised to close the MD:CD ratio (Strength ratio between the machine direction and width direction) to 1, utilizes the air flow generated between cylinder rotating in opposite (Fig. 5) is 0.9 -1.5 : 1(according to a catalogue), and the working width is 1.0 -2.6 m and production speed is 50 -100 m/min.
Needling Machines
Ten companies were registrated officially in this section (five domestic companies and five overseas companies). As the general trend, machines are considered to deal with easy and improved the maintenance ability, and can accept to the high-tech fibers. The high speed needle loom Model 350 built by Morrison Berkshire (Fig. 6 ) has four needle boards in both sides, produces for prepunchless web at the speed to maximum 2,000 strokes/min, and achieves the high maintenance ability by using the oilless beam guide system and needle plate covered with Teflon. Furthermore, it is said that the vibration and noise of this machine is very few. The speed of Asselin (member of Schlumberger group) needleloom (Fig. 7) is up to 2,500 strokes/min and has wide flexibility, and obtains the easy maintenance ability by taking high power module system. The maximum speed of the cylinder preneedler (cylinder tucker) Type 169DF (Fig. 8) is 500 strokes/min. This machine aims at the uniformity of weight and at the prevention of web twist. This machine passes the layered web through the space between two perforated cylinders and needlings the web between cylinders with needle board in the cylinders at the same time. Dilo arranges wide range of needlelooms, Di-Loop DS-25 machine (Fig. 9 ) adopts the single driving system and has a patterning apparatus with high speed servo hydraulic system, and is suitable for making velours, rib and cord style. Di-Lour II is the high speed machine (1,700 strokes/min) for making velours, and can be used to produce a random pile velours having high pile density, and the number of needles per working width of 1 m is many. OD-IIS is also high speed machine with maximum 2,100 strokes/min, and suitable for low weight web and spunbonded nonwovens. NL-11 /SE needleloom ( Fig. 10 ) builted by Fehrer is equipped an electronic patterning apparatus, and its maximum speed is 1,000 strokes/min. The company's high speed random velour-punching machine Type NL-21 /S-RV (Fig. 11) has the continuous automatic double cleaning aparatus, and can make velour constructions at up to 1,$00 strokes/min with high efficiency.
4, Banding Machines
There are many methods of bonding, and machine makers have developed the machines suitable for each method, and improved also. In this article, I will refer to bonding methods including to compound the materials. Eight companies were registered officially in this section. The dry bonding machine offered by Daitomi Co., Ltd. (exhibited with panel) is for the production of various kinds of products and the working width and production speed of this machine is 900 -4,300 mm and 2 -120 m/min. The Thermo-Hydrein Multi-roll Calender (Fig.  12) (Fig. 14) , and Div. of Emanson Japan, Ltd.
exhibits the ultrasonic bonding machine of this type. The advantages of this method are high production (maximum 100 m/min) and low energy consumption (ten percent of calender method), and now can laminate the different kind of 6 -8 layered web. The laminating machine (Fig. 15 ) built by Machtex Holland B.V, adopts the binder spray method, and improved the energy consumption, cost, operation ability and texture. However, the spray head is exhibited only at this time. In chemical bond method, foam bonding system has been attracted the attention more than conventional bonding system from the point of view of reducting to half the quantity of pick-up. By using this method, the texture of products becomes soft touch because the content of binder is low, the production speed is 100 m/min by combining Foam Impregnater (Fig. 16 ) built by Fleissner GmbH & Co. and High Performance Air Dryer.
Stitching Machine
Textima-Malimo and Yoshizumi Taketaro Ltd, were registered in this section. Maliwatt N2400, Model 114010, 14 G (Fig. 17) built by Textima-Malimo has two way of web delivery (continuous delivery method connecting card machine and off-line batch method), and features of this machine are low-space, operation ability and high production speed.
Other Nonwovens Processing Machines and Accessories for Nonwovens Processing Machines
Spunlace machine (Fig. 18 ) built by Perfojet uses water-jet pressures up to 150 bars (200 psi) and four stages water recycle system, can produce the products with high absorbency and drapabi1ity Temafa Textilmaschinenfabrik exhibited the bale openner for nonwovens, carding willow and fine opener FF0 for preopenning of air-laid web (Fig. 19) . Exactafeed FBK-536 tuft feeder (Fig. 20) built by Triitzschler GmbH & Co. KG, achieves the stability of fleece feeding and uniformity of weight across the width by using a multi- point regulation by microcomputer control. That is, the tuft web for feeding to the roller card is regulated along its length and across its width without interruption, and a tuft web of a specific profile across the width can also delivered. Induction heated jacket roller for high temperature built by Tokuden Co., Ltd. is proof against high temperature (300 -420 ~C), and achieves the low energy consumption and quick temperature response. Ashworth Bros. and Kanai Juyo Kogyo Co., Ltd. exhibited the card clothing for nonwovens. The foreign material detector FMD F-4 is used for distinguish and eliminate foreign materials in raw cotton after effected by bale opener. The accuracy of manufacturing of spinning plate (Fig. 21) for spunbonding built by Enka Technical GmbH is superior (The capillary has an accuracy ±10 micron in length and ±2 micron in diameter). In regard to felting needles, Foster Needle Co., Inc, and Singer Spezialnadelfabrik GmbH exhibited. Foster's Star Barb is designed to minimize the fiber damage by carrying fibers only with a needle having curved surface.
Conclusion
The Textile Machinery Society of Japan acceptances the nonwovens first as an independent branch of reports of OTEMAS. This fact is a result of the development of 
